Background: The frequency of hip arthroscopy for the treatment of acute and chronic chondrolabral pathology and femoroacetabular impingement (FAI) has increased exponentially over the past decade. While surgeon and patient radiation exposure has been well documented in other areas of the orthopaedic literature, little is known about the procedure-specific and cumulative doses affecting the hip arthroscopist.
The frequency of hip arthroscopy for the treatment of acute and chronic chondrolabral pathology and femoroacetabular impingement (FAI) has increased exponentially over the past decade. 2 Intraoperative fluoroscopy is commonly used during the procedure to confirm appropriate distraction and to ensure adequate resection of FAI. The latter has been noted to be of particular importance, as underresection of femoral or acetabular pathology can lead to residual impingement, whereas overresection has been linked to postoperative instability or even risk of a catastrophic femoral neck fracture. 1, 21 While surgeon and patient radiation exposure has been well documented in the trauma and spine literature, 17, 18 little is known about the procedure-specific and cumulative doses affecting the hip arthroscopist. The International Commission on Radiological Protection (ICRP) put forth guidelines setting limits on annual radiation exposure in an attempt to minimize potential risks of exposure to both the surgeon and the patient. 11 Canham et al 4 reported the radiation exposure of patients undergoing hip preservation procedures while also evaluating occupational risk to operating room personnel. They found that greater body mass index (BMI) correlated with increased occupational exposure. 4 In light of the limited research on radiation exposure to the surgeon during fluoroscopic-assisted hip arthroscopy, we sought to determine the average annual intraoperative radiation exposure to the hip arthroscopist.
METHODS
Between July 2011 and July 2014, a total of 210 consecutive hip arthroscopies were performed in 209 patients by a single surgeon at a single ambulatory surgical center in a cohort consisting of approximately 50% bony (cam and pincer) pathology. At the time of the study, the operative surgeon was an experienced hip arthroscopist with 6 years of experience who performed an average of 75 to 100 hip arthroscopies per year. Institutional review board approval was obtained prior to study initiation.
All patients undergoing hip arthroscopy at the single outpatient center during the study period were included in the study. Exclusion criteria included patients undergoing alternate procedures, such as periacetabular osteotomy, that could affect the fluoroscopy used intraoperatively. The specific procedures performed in each case were recorded. In addition, patient demographics including age, sex, and BMI were recorded (Tables 1 and 2) . A radiation dosimeter (Landauer) was worn on the outside chest of the lead apron of the surgeon during preoperative positioning and for the duration of the procedure. Exposure was not recorded at the end of each case; rather, the dosimeter was read periodically throughout the study period to document cumulative radiation exposure to the surgeon. In accordance with our radiation safety protocol, the following radiation readings were measured: deep dose-equivalent (DDE), the external whole-body exposure dose equivalent at a tissue depth of 1 cm (1000 mg/cm 2 ); lens dose-equivalent (LDE), the external exposure dose equivalent to the lens of the eye at a tissue depth of 0.3 cm (300 mg/cm 2 ); and shallow doseequivalent (SDE), the external exposure dose equivalent to the skin or an extremity at a tissue depth of 0.007 cm (7 mg/cm 2 ) averaged over an area of 1 cm 2 . Cumulative radiation exposure was tabulated in millirems (mrem) and converted to milli-Sieverts (mSv [measure of radiation dosage]), which is the standard measurement used by the ICRP. An estimation of the operative surgeon's annual exposure was calculated from the data pool. Descriptive statistical analysis was performed using R Statistical Software (Foundation for Statistical Computing).
Surgical technique involved standard positioning in a hip distractor (Smith & Nephew Active Heel). A standard, mobile C-arm unit (Phillips) was used, and all images were taken by an x-ray technician under the direction of the surgeon. Preoperative views included anterior-posterior (AP) pelvis, AP hip, 45
Dunn view, lateral, internal, and external rotation views to isolate the optimum view of the cam lesion (if applicable), and a final AP pelvis after traction had been applied to ensure distractibility of the joint. Intraoperatively, imaging was taken to localize the path of a spinal needle used to penetrate the joint capsule, to verify the "air arthrogram" on removing the stilette from the needle, and on introduction of the trocar to ensure capsule penetration. The senior author (J.P.S.) typically utilized 2 portals with interportal capsulotomy to evaluate the peripheral compartment for cam lesions. Depending on the case, the portals were anterior peritrochanteric or anterolateral, modified anterior, or midanterior. C-arm imaging was used as needed for the initial portal.
For patients with pincer lesions, a single image was taken after the acetabuloplasty to ensure adequate resection. For those with cam lesions, images were taken initially to localize the starting point of the femoroplasty at the epiphyseal scar, then at various points during the procedure to ensure proper resection.
RESULTS
A total of 55.02% of the cases (115 of the 209 patients) involved bony work that would utilize additional fluoroscopy. In total, these patients underwent 79 femoroplasties, 64 acetabuloplasties, and 6 resections of subspine impingement. The specific procedures and frequency of each performed in this cohort of patients are presented in Table 3 .
The total radiation doses calculated for the operative surgeon during the 210 cases were 183 mrem (1.83 mSv) DDE, 183 mrem (1.83 mSv) LDE, and 176 mrem (1.76 mSv) SDE. According to these data, the average exposure per case was 0.871 mrem (0.00871 mSv) DDE, 0.871 mrem (0.00871 mSv) LDE, and 0.838 mrem (0.00838 mSv) SDE. The average annual exposure for the operative surgeon performing approximately 70 hip arthroscopies per year with 55% involving bony work was 61.0 mrem (0.610 mSv) (Table 4) . These results are well below the ICRP annual limits of 50,000 mrem (500 mSv) DDE, 2000 mrem (20 mSv) LDE, and 50,000 mrem (500 mSv) SDE.
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DISCUSSION
The annual frequency of hip arthroscopies has increased dramatically in recent years, particularly for the treatment of FAI and osteoarthritis. 2 Moreover, radiation exposure to the surgeon, the health care team, and the patient during arthroscopic hip surgery are valid concerns. A 2013 analysis of trends in hip arthroscopy found a 600% increase in arthroscopic hip procedures among board-certification reporting from 2006 to 2010, 2 with multiple studies noting a shift from simple soft tissue debridements to significant osteoplasties as the technique has become more streamlined. 2, 13, 15 While the use of fluoroscopy is an essential component to ensure appropriate distraction, safe cannula placement, and adequate bony resection, it also comes with an increase in radiation exposure to those involved in the procedure.
The ICRP advocates a system of protection against the detrimental effects of ionizing radiation that is based on optimization of protection through the establishment of individual dose and risk limits and the requirement that any exposure to ionizing radiation must be justified by the provision of societal benefits. 8 The ICRP recommendations are based on the growing body of scientific knowledge in the field of radiobiology and the judgment of experts in radiological protection. The IRCP takes into account both the stochastic (cancer/heritable effects) and deterministic (tissue/ organ damage and developmental defects) effects of ionizing radiation. 8 The ICRP has various subcommittees that make recommendations based on evaluation of basic science and epidemiological studies, and these recommendations are used to establish regional, national, and international safety standards.
Radiation exposure has been linked to a number of health hazards, including cataracts and oncologic processes. 6, 16, 23, 25 Chodick et al 6 reported that radiologic technologists with higher cumulative occupational radiation exposure to the lens of the eye (mean, 60.1 milligrays [mGy; measure of radiation exposure]) were noted to have an adjusted hazard ratio of cataract of 1.18 compared with those with lower exposure levels (mean, 5.1 mGy) despite being well below the minimum cataractogenic dose of 2000 mGy cited by the ICRP at the time of the study. 6 Moreover, while the association between ionizing radiation exposure and oncologic processes has been well documented, there is currently no universally accepted threshold dose at which there is a measurable increase in cancer risk. Epidemiologic studies may not be able to detect the effects of very low radiation doses because there is limited statistical power at cumulative lifetime radiation levels of less than 100 mSv. 16 Considering that increased cancer prevalence rates among orthopaedic surgeons have been reported, 7 there is a need to elucidate the role of chronic exposure to occupational ionizing radiation.
In light of the association between radiation exposure and the aforementioned health hazards, the "ALARA" (as low as reasonably achievable) principle has been advocated to reduce occupational radiation exposure.
14 However, various reports indicate that compliance with and knowledge regarding radiation exposure and protective measures among operating room personnel, including orthopaedic surgeons, is lacking.
12, 22 Saroki et al 22 surveyed 91 practicing attending orthopaedic surgeons and found that the majority lacked detailed knowledge regarding radiation safety during surgical treatment for FAI, thereby highlighting the need for radiation safety education in residency training and beyond. Gendelberg et al 9 demonstrated that a formal radiation safety training program resulted in significantly decreased radiation exposure to both orthopaedic residents and patients. Moreover, Mü ller et al 19 reported that the use of real-time dosimetry during various fracture fixation procedures significantly reduced surgeon radiation exposure.
Previously reported rates of exposure in the spine literature show that, during an average fluoroscopically assisted case utilizing spinal instrumentation, the average total radiation exposure to the patient was 5.69 mSv. 18 Meanwhile, in the orthopaedic trauma literature it has been noted that, during a simulated trauma case, the deep exposure for the surgeon and first assistant was 20 mrem/ min (0.2 mSv/min) and 6 mrem/min (0.06 mSv/min), respectively. 17 However, Tasbas et al 24 reported that an orthopaedic trauma surgeon and the assistant surgeon who wore dosimeter badges over their lead aprons were exposed to a cumulative radiation dose of 10 mrem and 61 mrem, respectively, over a 3-month period involving 107 consecutive trauma operations. 24 This discrepancy between surgeon and assistant surgeon dose readings was attributed to differences in distance from the x-ray source.
Budd et al 3 quantified radiation exposure in a sample of 50 consecutive patients undergoing fluoroscopic-assisted arthroscopic hip surgery by a single surgeon and concluded that patient exposure was well below permissible limits. However, there is a paucity of literature on surgeon radiation exposure during fluoroscopic-assisted hip arthroscopy. This study documented both a cumulative and average annual radiation exposure that was considerably lower than the ICRP-recommended limits, a figure consistent with previously published reports. Canham et al 4 calculated the radiation exposure to both the surgeon and individual members of the surgical team as determined by their proximity to the surgical field and found an average radiation exposure of 7 to 9 mrem per 50 hip arthroscopies performed and a positive correlation between cumulative radiation exposure and patient BMI. 4 The average BMI for our sample was 24.7 kg/m 2 , which is slightly below the reported average BMI of 26.6 and 26.5 kg/m 2 for adult American men and women, respectively. 5 However, it is important to note that our sample also included several adolescents younger than 18 years. Nevertheless, the mean BMI of our sample is comparable to that reported by Canham et al. 4 The discrepancy between the average annual radiation dose found in the present study and that of Canham et al 4 may be explained by differences in the distance of the operative surgeon from the x-ray source, as this appears to be a major determinant of radiation exposure dose as noted in the trauma literature cited above. It is also important to note that in the study by Canham et al, 4 automatic measurements of radiation exposure were generated by the fluoroscopy unit and dose calculations were performed by a radiologist. 4 Therefore, variability in the aforementioned factors may explain the discrepancy between our results and those of Canham et al. 4 While some authors have suggested techniques to minimize radiation exposure by introducing cannulas and creating portals under direct visualization rather than utilizing fluoroscopy, 10, 20 the majority of contemporary hip arthroscopists rely on radiologic guidance, and our findings suggest that this practice involves radiation exposure levels that are well below the annual limits set forth by the ICRP. Moreover, it is also important to note that the dosimeter is worn outside of the lead apron and with proper eye protection; therefore, the actual doses received to the major organs and eyes were likely much lower than the values recorded in this study. This study is certainly subject to a number of limitations. First, there is significant variability in the amount of fluoroscopy utilized during a case, much of which depends on surgeon experience, patient factors (BMI), diagnosis, and whether a fellow or resident are involved in the procedure. It is therefore important to note that this was the radiation exposure of a single experienced hip arthroscopist and may not reflect all-comers in the general community. It is also important to note that arthroscopies performed in teaching settings or by inexperienced hip arthroscopists would likely involve higher radiation exposure levels. In addition, the degree of bony deformity and the patient's BMI would certainly affect the amount of fluoroscopy used, as heavier patients and larger bony deformities would likely necessitate greater amounts of radiation exposure. Moreover, we did not include preoperative radiographic measurements of alpha angles or lateral center-edge angles, in part because our data collection did not allow for a per case correlation of radiation exposure. Nevertheless, these case-dependent variations in radiation dose should be considered.
Despite the aforementioned limitations, our findings contribute to the literature on this topic, as there is currently a paucity of research on surgeon exposure to radiation during fluoroscopic-assisted arthroscopic hip procedures. Although reporting of case-specific fluoroscopy time and radiation exposure would be useful, our study sought to quantify cumulative radiation exposure for an experienced hip arthroscopist and determine its relation to the radiation exposure limits set forth by the ICRP. Given that fluoroscopy is widely used among hip arthroscopists and poses a potential occupational hazard, it is important to quantify cumulative exposure in order to ascertain the risks incurred by its routine use. Moreover, as the trend toward increasing utilization of fluoroscopicassisted arthroscopic hip surgery increases, it certainly stands to reason that cumulative radiation exposure for orthopaedic surgeons performing these procedures will invariably increase.
Although this study demonstrated that cumulative radiation exposure for an experienced hip arthroscopist was well within permissible limits, conclusions cannot be drawn regarding the potential carcinogenic effects of the reported exposure level. Needless to say, in light of what is known about the detrimental effects of ionizing radiation, any amount of radiation exposure poses an occupational hazard. Therefore, despite evidence suggesting that radiation exposure during fluoroscopic-assisted arthroscopic hip surgery remains well below the ICRP's annual limits, the importance of taking appropriate safety precautions and routinely monitoring radiation dose should not be overlooked.
